The relationship was studied between preschool and current respiratory symptoms and cough receptor sensitivity in children. Forty six white children aged 7 years were investigated. They were divided into three groups: (i) healthy children; (ii) children with a history of idiopathic cough; and (iii) children with a history of wheezing.
The cough reflex is primarily a protective reflex, the aim of which is to prevent the aspiration of foreign particles into the respiratory tract. In addition, cough promotes the clearance of excess secretions from the airways. Non-productive cough is common in children and is often attributed to viral upper respiratory tract infection (URTI).1 Cough is also a common symptom of asthma, and may indeed be the only symptom in adults2 and children. 3 The mechanisms underlying nonproductive cough are uncertain but it has been suggested that some patients have hypersensitive cough receptors.4 A greater understanding of the mechanism underlying non-productive cough may allow the identification of aetiological factors and define approaches to treatment.
The sensitivity of cough receptors can be studied indirectly using the inhalation of various concentrations of tussive aerosols. The concentration of aerosol which induces cough is taken as a measure of cough receptor sensitivity. Such Occasional smoking is associated with an increase in cough threshold.8 In 1987 Okayama et al showed a reduced cough threshold in subjects with asthma compared with healthy controls.9 This finding was in contrast to other studies, however.6 10-12 The only previously reported study which included children compared the acetic acid cough thresholds of three groups: a control group, a group reporting cough, and a group of children with asthma.4 Differences in cough threshold between the groups were not significant, though a subgroup of subjects with asthma showed a reduction in cough threshold. The validity of comparisons between the groups in this study is questionable, however, as they were not adequately matched for age or sex, and the group reporting cough was not clinically homogeneous.
Previous studies using cough challenge tests have used a variety of different substances to induce cough, a range of protocols for their administration, and a number of different endpoints. There is therefore no standardised method for assessing cough receptor sensitivity. Adult cough challenge tests, though using simple and inexpensive equipment to perform tests, have used protocols which require too much cooperation to be used successfully with children. The only previously reported study including children relied on the use of an astrograph, which is an expensive piece of equipment designed to automatically deliver a series of nebulised solutions.4
The aims of this study were (1) 
Subjects and methods

SUBJECTS
Subjects were selected from a large cohort of white children who had originally been recruited at random at the age of 5 years into an ongoing epidemiological study.13 The incidence of respiratory symptoms during their preschool years had been established by postal questionnaire. Three groups were identified: (i) healthy children; (ii) children with a history of cough unrelated to URTI; and (iii) children with a history of wheezing. The latter two groups were classified on the basis of parental answers to the questions 'Has your child ever had an attack of wheezing?', 'Does your child usually have a cough without a cold?', and 'Has your child been woken at night by an attack of coughing in the previous year?' .13 Questions relating to wheeze were preceded by a definition or wheezing.
Subgroups of this cohort were studied again at the age of 7 years when bronchial responsiveness was assessed using a methacholine challenge test. Atopic status was established by skin prick testing to four common allergens (cat, dog, house dust mite, and grass pollen). At this time some parents and children were asked to participate in an additional programme of cough challenge testing. Subjects were recruited on the basis of their original preschool symptoms.
The study group contained 18 boys and 28 girls, with a mean age of 7-34 years (range 6-32-7 99). When these children were recruited into the epidemiological study, two years before the investigation of cough receptor sensitivity, 17 had no respiratory symptoms, 16 were reported to suffer from cough unrelated to URTI, and 13 were reported to suffer from wheeze. None of the children had a history of a severe cardiopulmonary disorder or had ever had a severe lower respiratory tract infection. Of the 13 children reported to have wheeze, 10 had been previously diagnosed as asthmatic by their family doctors.
Six of the children included in the study were receiving drugs for asthma on a regular basis: salbutamol and sodium cromoglycate (three), salbutamol and beclomethasone (two), and salbutamol alone (one). Subjects were asked to stop taking salbutamol and sodium cromoglycate on the night before their tests. Appointments to attend the laboratory for cough challenge testing were postponed if necessary so that testing was performed when the children had been free of URTI for at least three weeks. COUGH During each cough challenge the subject breathed the mists generated by the nebuliser for 30 seconds followed by a 30 second rest period. After a sodium chloride control mist, citric acid mists were breathed in increasing order of concentration. The subjects were seated and breathed through a mouthpiece connected to the nebuliser with an opening for air entrainment and expiration. A nose clip was worn during the inhalation of mist. The cough threshold was defined as the concentration of citric acid which first provoked cough, provided that the subsequent concentration also provoked cough.
PROCEDURE
Children attended the respiratory laboratory between 1 and 5 pm to avoid the potential effects of diurnal variation in the cough response.'4 A questionnaire concentrating on respiratory symptoms in the previous year was completed and the respiratory system of the child examined. Baseline spirometry was performed using a wet spirometer (Gould Godart Pulmonet III) to measure forced vital capacity (FVC), forced expiratory volume in one second (FEVy), and maximum midexpiratory flow (MMEF).15 Each child then underwent a cough challenge test, during the course of which he or she was distracted with toys or books. Spirometric measurements and examination were repeated after the cough challenge.
In accordance with the Children Act the nature of the tests to be performed was explained to the participating child and to his or her parents. Children were not informed that the induction of cough was the specific aim of the test as it was considered that this might influence the results.
Five children developed URTI in the days after the visit and in these subjects the tests were repeated after a mean interval of nine weeks.
The study protocol was approved by the Cough threshold values were also analysed in relation to parental smoking and atopic status.
Results
At the time of the investigation 23 children were reported to have had no respiratory symptoms in the previous 12 months, 13 to have had cough, and 10 to have had wheeze. Figure 1 shows the extent to which subjects' reporting of symptoms had changed over the two year period covered by the studies. The group reporting cough showed the greatest propensity to improve.
SPIROMETRY
Thirty five (76%) of the 46 children had the necessary coordination to perform spirometry successfully before and after the cough challenge. In all instances spirometry was normal and changes in FVC, FEV1, or MMEF did not exceed 15% of baseline value in any child. Mean changes were -1 2% (FVC), -2-3% (FEV1), and 0-3% (MMEF) for the group as a whole. Thus the citric acid cough challenge did not appear to alter airway mechanics. 
Symptoms
Control
Couah Wheeze Figure 2 Individual values of citric acid cough threshold in three groups of children. For each group the bars represent the geometric mean and 95% confidence interval. Symptoms were established at the time of the original epidemiological study, when the children were aged 5 years.
COUGH THRESHOLDS
All of the 46 children successfully completed the cough challenge test, which proved to be entirely acceptable to them and their parents. There was a wide range of cough thresholds within the group; cough was induced in some children at 7-8 mg/ml whereas others only coughed at 450 mg/ml. In all three groups of children the cough threshold values appeared to have a log normal distribution (figs 2 and 3).
When the children were divided into three groups according to symptoms reported at age 5 years there was no difference in cough threshold according to group (fig 2) . When the children were grouped according to current respiratory symptoms no difference in cough threshold to inhaled citric acid was observed (fig 3) . Symptoms were established at the time of the cough receptor sensitivity study, when the children were aged 7years. Non-smoking Smoking Figure 6 Citnc acid cough thresholds ofsubjects in smoking and non-smokingfamilies. Bars represent the geometric mean threshold and 95% confidence interval. Data were unavailable for one subject.
-E1000 In some studies different concentrations of tussive agent have been inhaled in random order,'0 1 whereas in others increasing concentrations have been presented.4 9 12 18 Young children may not be willing or able to continue with a study once they have started to cough. Therefore, after an initial control solution of 09% sodium chloride, citric acid mists were used in increasing concentrations.
The 'cough threshold' was taken as the concentration which provoked the first cough either during the inhalation or subsequent 30 second rest period, provided that the next inhalation of citric acid also provoked cough.20 It was hoped that this would avoid coughing unrelated to the challenge test being recorded as the threshold. The cough challenge test ended when the subject had coughed in response to two consecutive inhalations of citric acid.
The cough challenge test developed for this study was entirely acceptable to all children and their parents. In many instances siblings who accompanied the index child expressed a desire to participate in testing, and several parents spontaneously volunteered to return for additional testing if required. COUGH 
THRESHOLD
The study found no relationship between cough threshold to inhaled citric acid and either preschool or current respiratory symptoms in the children studied. A wide variation in the citric acid cough thresholds of children within each of the study groups was observed.
The variability in this study was greater than that observed in a previous study using similar methodology.9 Therefore the power of our study to detect a difference of 30 mg/ml in cough threshold was reduced to 21% (calculations based on untransformed data) or 45% (calculations performed after logarithmic transformation). The power of the study to detect a difference between groups equivalent to 2X 1 5 dose increments was 64%, and to detect a difference of two doubling doses was 97%.
When the three groups of children were compared, regardless of whether the grouping was based on symptoms at the time of cough challenge testing or at the time of initial recruitment two years previously, the cough threshold was lowest in the children with coughs and highest in the normal controls. Although this difference did not approach statistical significance, it was calculated that we would need to study over 650 children for the difference to become significant at the 5% level, with a power of 80%.
It has been suggested that cough in some patients is due to an underlying hypersensitivity of their cough receptors. 
